INTRODUCTION
============

Acrylic resins are widely used in dentistry. Prediction of the service life of acrylic resin material is difficult since many environmental factors affect durability. One of the properties of acrylic resins is water sorption and release, which causes dimensional instability, thereby subjecting the material to internal stresses that may result in crack formation and, eventually, fractures of the denture.[@b1-0020191],[@b2-0020191] Because water interacts with the polymer chains, it may produce some effects such as reversible loosening or effective plasticization of the structure, solvation or reversible rupture of weak interchain bonds, and irreversible disruption of the polymer matrix. Therefore, the water sorption and solubility are the critical problems that affects durability.[@b3-0020191] Takahashi et al[@b4-0020191] found that water molecules spread between the macromolecules of the material, forcing them apart. This behavior affects dimensional behavior and denture stability; therefore, water sorption and solubility of these materials should be as low as possible.[@b5-0020191] Many studies on the water sorption of denture resin have been conducted, and concluded that sorbed water would cause the decrease of mechanical properties.[@b2-0020191], [@b6-0020191]--[@b10-0020191]

Ideally, polymer networks should be insoluble materials with relatively high chemical and thermal stability. However, most of the monomers used in dental resin materials can absorb water and chemicals from the environment, and also release components into the surrounding environment. Both water sorption and solubility would lead to a variety of chemical and physical processes that may result in deleterious effects on the structure and function of dental polymers.[@b11-0020191] Denture base acrylic resins have low solubility, and the little that occurs is a result of the leaching out of traces of unreacted monomer and water-soluble additives into the oral fluids. However, these monomers sometimes produce a soft tissue reaction.[@b12-0020191] It is important to determine the residual monomer content and solubility of the tested materials as these properties influence the allergy susceptibility of these materials.[@b13-0020191]--[@b16-0020191]

The water sorption and water solubility were determined according to the International Standards Organization (ISO) standards 1567:1999.[@b17-0020191] According to this specification, water sorption should not exceed 32 μg/mm^3^ for heat-cured or self-cured materials. The loss in mass per unit volume (soluble material) should not exceed 1.6 μg/mm^3^ for heat-cured and 8.0 μg/mm^3^ for self-cured materials.[@b17-0020191],[@b18-0020191]

Due to the importance of these properties in the clinical and mechanical performance of an acrylic material, this study evaluated water sorption and solubility of different acrylic resins.

MATERIALS AND METHODS
=====================

Ten commercially acrylic materials (two heat-cure and eight self-cure acrylic materials) were evaluated in this study. The names of the resins, manufacturers and polymerization conditions recommended by the manufacturers are listed in [Table 1](#t1-0020191){ref-type="table"}.

Three square shaped (1.5 mm thickness, 2×2 cm) specimens of each material were prepared for each polymerization type. All materials were manipulated according to the manufacturer's instructions. One surface of the specimens was polished with using progressively smoother aluminum oxide papers (numbers 280, 400, and 600, Model 189; Atlas, Istanbul, Turkey) the other surfaces were not. The specimens were set for the recommended set time and technique. Specimens were kept at room temperature for 30 min. This weight value was considered the initial weight of the specimen (M1) All specimens were weighed daily on an analytical scale (Model JK-180; Chyo, Tokyo, Japan) with an accuracy of 0.0001 g, in a water bath maintained at 37°C, until a constant weight (M2) was achieved. The specimens were dried in vacuum oven at 37°C to constant weight and weighed again (M3).

The values for water sorption (Wsp) and solubility (Wsl), in μg/mm^3^ for each of the specimens were calculated using the following equations:
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Where M1 is the conditioned mass, in μg, prior to immersion in water; M2 is the mass of the specimen, in μg, after immersion in water; M3 is the reconditioned mass of the specimen, in μg after dry and V is the volume of the specimen mm^3^.

The mean values of the Wsp and Wsl properties evaluated using One--way ANOVA test. Tukey test used to detect the differences of the mean values of the materials. Pearson correlation coefficient used to view the correlation between Wsp and Wsl properties.

Some specimens were broken for Scanning Electron Microscopy (SEM) analysis. SEM (Jeol JSM 5600LV, Japan) was used at ×500 or ×1000 magnification on the surface of the fractured surfaces ([Figures 1](#f1-0020191){ref-type="fig"}--[10](#f10-0020191){ref-type="fig"})

RESULTS
=======

The means and standard error of means of solubility and sorbtion values are shown in [Table 2](#t2-0020191){ref-type="table"}. Water sorption mean values varied from 11.33±0.33 μg/mm^3^ to 30.46±0.55 μg/mm^3^. Water solubility mean values varied from −0.05±0.23 to 3.69±0.12 μg/mm^3^.

One-way analysis of variance for both WSp and Wsl properties suggested that there is significant difference among mean values of materials (P\<.01).

Results of Tukey test are shown by bold Roman letters in [Table 2](#t2-0020191){ref-type="table"}. For sorption; material 7 exhibited highest mean value (30.46 μg/mm^3^) though material 9 exhibited least mean value (11.33 μg/mm^3^). There was no statistically significant among materials 1, 2, 3 and 10; between materials 3 and 8; among materials 4, 5 and 6.

For solubility; materials 2 and 10 exhibited negative mean values, respectively −0.05 μg/mm^3^ and −0.09 μg/mm^3^. Material 5 exhibited highest mean value (3.69 μg/mm^3^). There was no statistically significant among materials 1, 2, 3, 4, 9 and 10; and among materials 5, 6, 7 and 8.

Pearson correlation coefficient between Wsp and Wsl properties was estimated to 0.285 and no statistically significant. Thus between Wsp and Wsl values, there is no linear correlation.

According to SEM images, materials 1, 3 and 6 had homogeneous structure. However, material 7 and 8 found porous materials than the others.

DISCUSSION
==========

In the present study, the method that recommended by ISO for measuring water sorption and solubility was used. The water sorption was determined according to increase in mass per unit volume. Also water solubility was determined according to loose of mass from polymers.[@b17-0020191],[@b18-0020191]

The soluble materials present in acrylic resins are initiators, plasticizers, and free monomer. It has been suggested that there might be a correlation between residual monomer and the weight loss determined by the solubility test.[@b18-0020191] The largest amount of residual monomer is usually leached from acrylate within the first few days of water storage. Consequently, it might be difficult to estimate the effect of residual monomer release from acrylate with the ISO standardized solubility test.[@b18-0020191]

Acrylic resins absorb water slowly over a period of time, primarily because of the polar properties of the resin molecules. High equilibrium uptake of water can soften an acrylic resin because the absorbed water can act as a plasticizer of acrylate and reduce the strength of the material.[@b10-0020191] The extent and rate of water uptake into polymer networks are predominantly controlled by resin polarity, dictated by the concentration of polar sites available to form hydrogen bonds with water; and network topology.[@b11-0020191],[@b19-0020191] Arima et al[@b20-0020191] suggested that the chemical nature of the polymer versus that of the water molecule directly affected the water sorption of resin. Water is absorbed into polymer by the polarity of the molecules in the polymers by unsaturated bonds of the molecules or unbalanced intermolecular forces in the polymers. According to Dixon et al,[@b21-0020191] the residual monomer could affect water sorption and expansion.

In the present study a provisional crown material, material 9 had the least water sorption value (11.33μg/mm^3^). Materials 2 and 10 had negative solubility values. The water that was absorbed by these materials could not be released. It can be concluded that these materials or their contents bond water molecules chemically.

Also the dimensional stability of the tray material is an important fact. As mentioned before the water sorbtion influences the dimensional stability. In the present study, material 7 is a custom tray material. Its sorption and also solubility values (30.46 μg/mm^3^ and 2.34 μg/mm^3^) was high. Material 8 (tray material) had the lower water sorption value (17.70 μg/mm^3^) than most of the tested resins. But its solubility value (3.03 μg/mm^3^) was high ([Table 2](#t2-0020191){ref-type="table"}).

The principal difference between self-cure resins and heat-cure resins is that more residual monomer is present in the self-cure resins. Also, with a high monomer to polymer ratio, residual monomer content in the polymerized acrylic resin would be large.[@b12-0020191] Fletcher et al[@b22-0020191] found that self-cure resins exhibited higher residual monomer levels than did heat-cure resins. These higher residual monomer contents could be related to the higher solubility levels of self-cure resins reported. It is obvious that the greater amount of residual monomer in self-cure PMMA also affects the solubility values more than heat-cure PMMA does, of which the residual monomer content is considerably lower.[@b18-0020191] In the present study, heat cure acrylic resins had lower solubility values than mosf of the self-cure acrylic resins.

The results of the water sorption and solubility either self-cure or cold-cure acrylic resins were in accordance with the ISO specification.[@b17-0020191] According to earlier studies the water sorption of different types of acrylates is 10 to 25 μg/mm^3.7,10,18,20^ In the present study the water sorption values were in accordance with mentioned studies except material 7 (tray material).

According to SEM images, materials 7 and 8 ([Figures 7](#f7-0020191){ref-type="fig"} and [8](#f8-0020191){ref-type="fig"}) were found non-homogeneous materials. They had a decreased porosity compared to others. Miettinen and Vallittu[@b18-0020191] stated that water sorption and solubility of polymers depended on the homogenity of the material. The more homogeneous a material, the less water it absorbs and the less soluble it is.[@b23-0020191] A high amount of porosity will facilitate fluid transport in and out of the network, leading to enhanced water uptake and elution.[@b11-0020191]

CONCLUSIONS
===========

According to tests performed in this research, each acrylic resin displayed various water sorption and water solubility values. The results of the water sorption and solubility of both self-cured and heat-cured acrylic resins were in accordance with the ISO specification. No correlation found between water sorption and water solubility values.
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###### 

The used materials.

  No   Material              Description, Manufacturer
  ---- --------------------- --------------------------------------------------------------------
  1    DE Trey QC-20         Heat-cure acrylic resin Dentsply De trey, Brasil
  2    Meliodent Heat Cure   Heat-cure acrylic resin Heraus Kulzer, Wehrheim/TS
  3    Meliodent Cold        Self-cure acrylic resin Heraus Kulzer, Ltd, Newbury, UK.
  4    Akrileks              Self-cure acrylic repair resin Atlas, England
  5    Akribel               Self-cure denture acrylic resin Atlas-Enta Aª - zmir, Turkey
  6    Akribel Transparent   Self-cure denture acrylic resin Atlas-Enta Aª-zmir, Turkey
  7    Vertex Trayplast      Self-cure custom tray material Vertex-Dental B.V., Netherland
  8    Formatray             Self-cure custom tray material Kerr, Italia SPA
  9    Dentalon Plus         Self-cure provisional crown material Heraus Kulzer, Hanau, Germany
  10   Palavit G             Self-cure pattern resin Heraus Kulzer, Hanau, Germany

###### 

Means of water sorption (Wsp) and water solubility (Wsl) in μg/mm^3^.

       Wsp (μg/mm^3^)      Wsl (μg/mm^3^)                      
  ---- ------------------- ---------------- ------------------ ------
  1    19.76±0.45 **c**    0.26             0.22±0.52 **c**    0.30
  2    19.60±0.08 **c**    0.05             −0.05±0.23 **c**   0.14
  3    18.54±0.14 **cd**   0.08             0.43±0.24 **c**    0.14
  4    22.07±0.72 **b**    0.42             1.82±0.44 **bc**   0.26
  5    21.56±0.41 **b**    0.24             3.69±0.12 **a**    0.07
  6    21.09±0.28 **b**    0.16             3.55±0.99 **ab**   0.58
  7    30.46±0.55 **a**    0.32             2.34±0.20 **b**    0.12
  8    17.70±0.54 **d**    0.32             3.03±0.48 **ab**   0.28
  9    11.33±0.33 **e**    0.20             1.04±0.23 **c**    0.14
  10   19.55±0.43 **c**    0.25             −0.09±0.06 **c**   0.04

Same bold roman letters (a--d) in the columns indicates no statistically significant difference.
